Magnetic nerve stimulation is a noninvasive method of exciting a neural tissue. Stimulation can be achieved by exposing the body to a transient magnetic field which is generated by passing a high current through a coil over short period of time. By positioning the coil in a specific orientation over the targeted nerve, the magnetic field will create an electric field in the conductive milieu of the body. Induced currents will result from that electric field. If those currents reach a certain amplitude within a specific time period this will cause a neural depolarization. This depolarization will enable us to test and examine the excited nerve providing the necessary data for an effective treatment.
Introduction
Magnetic nerve stimulation has proved to be effective in testing and treating complicated cases of neural injury where electrical nerve stimulation has failed [l] . The technique has taken progressive steps over the last few years, from a simple experimental coil used in 1984-85 [2, 3] to a highly sophisticated system with different monitors and sensors that can be used in an operating room to monitor delicate neural surgery ~4 1 . This diffusion reduces the efficiency of the energy transferred fiom the stimulating coil to the targeted nerve. As well, this diffusion makes controlling the field inside the body extremely difficult. The combination of the above produces a weak field which is inefficient for exciting deep nerves. Thus, the design of the coil is extremely important to achieve the desired stimulation.
The design of the coil is not an easy task as the created magnetic field should be intense covering a small area (the nerve) over a short period of time. Therefore, to achieve such a field (especially within a biological region) is a challenge. Over the last decade several different coils have been developed for magnetic nerve stimulation [3,5,6,7,8].
In our design, the primary objective was to obtain a focussed magnetic field which can be adjusted depending on the nerve depth, and the level of excitation required. The model for our coil was based on previous coil design concepts. The first concept was based on the theory of the figure "8" coil [5] . The second concept involves decentralizing the coil windings [7, 8] . This decentralization results in a concentrated field at the junction and weakening it elsewhere other than the targeted area. Figure #1 shows our model while figure  #2 shows the cross section for the same model.
Figure #1
There are two main difference between our coil and the previous models. The second difference involves the introduction of a ferromagnetic material as a core for our coil. The ferromagnetic material will maintained an enclosed path (which includes the targeted nerve) €or the field lines to follow. This results in a more controlled field.
Theory
According to Farady's Law the induced electrical intensity E can be represented by:
where dB/& is the variation of the flux density (€3) with respect to time.
We can also represent the flux density B as:
where A is the magnetic vector potential.
To calculate A we can apply the following equation:
where p, is the relative permeability for space, p, is the relative Permeability for the magnetic material, I is the coil current, dl is length of an element on the coil, and r is the coil radius. To calculate the vector potential A we used the sofhvare Magnet.
Results
Using the software Magnet we have conducted various simulations on different coil models, such as the so-called figure eight coil, a double coil w i t h decentralized turns, and our own model with and without a ferromagnetic core. The results of these simulations are shown below.
field is effectively reduced. Notice the improvement in the field at the centre of the nerve as we changed fiom concentric windings to decentralized windings. Our results for these two models are similar to the results achieved by Knaulein and Weyh [8] . We can dramatically improve the response at the nerve by using a ferromagnetic material as the coil former. In this case the flux density at the centre of the nerve has almost tripled. It is clear fiom the above results that an alternative approach to coil design fiom the usual figure eight might result in a significantly improved stimulus.
Conclusions
This paper has briefly discussed a new design for a coil that can be used for peripheral nerve stimulation. Currently, the industry has different types of air core coils (3'' shape and "butterfly"). We modified an "8" shaped coil by decentralizing the windings and forming a coil similar to the shape of a "slinky" toy. Next we added a third winding perpendicular to the joint of the other windings, and finally introduced a ferromagnetic core to the coil. The modifications improved the coil's performance by enhancing the field and controlling its shape.
